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Faculty of Medicine, Erciyes University, be encountered between the skull bones. This study aimed to investigate the incidence,
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E-mail hsusan@ercives.edu it topographical distribution, morphology, and interrelationship of the Wormian and Inca

bones in Central Anatolia Region dry adult skulls.

Methods: In the study, 119 adult skulls were examined. The location and frequency
of additional bones (Wormian) in the sutures in the cranium were determined. Skulls
with Inca bones were identified. The Inca bones were typified in accordance with the
literature and their dimensions in the transverse and sagittal axis were measured with a
digital caliper.

Results: Wormian bone was present in 33 of 119 adult skulls (27.7%). Of the 33 bones,
22 were detected in the male (66.66%) and 11 female (33.34%) skulls. The locations
of the Wormian bones in the order of decreasing incidence were the lambdoid suture
(16.0%, 19/119), pterion (16.0%, 19/119), lambda (7.6%, 9/119), asterion (2.5%, 3/119),
and bregma (1.7%, 2/119). Nine Inca bones were found in the lambdoid region (27.3%,
9/33). Six of these bones (66.7%) were in the male skull. We found that two of these bones
were incomplete lateral asymmetric, two were complete symmetric bipartite, two were
incomplete asymmetric bipartite and three were incomplete median type. We found that
13 (10.9%) of the skulls in the study had metopic sutures and 0.8% had craniosynostosis.
When the craniums with metopic suture were evaluated, it was found that 8 of them
(61.5%) had additional bone. 50% of the Wormian bones were found in the lambdoid
suture.

Conclusion: It has been found that the incidence of Wormian bone increases with
suture variations. It was determined that the frequency of Inca bone variation may vary

depending on regional differences.
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INTRODUCTION

The skull consists of a total of 22 bones, eight in neurocranium
and fourteen in viscerocranium. These bones join via cranial
sutures [1, 2]. Wormian bones are a large number of irregular,
accessory, and abnormal small suture bones located between
the skull bones. It differs from person to person in size, shape,
number, and thickness. These bones are named according to
the fontanelles, the ossification center or the sutures they are in.
Human anatomy, neurosurgery, physical anthropology, forensic
medicine, craniofacial surgery and radiology are interested in
Wormian bone [2, 3]. Anatomical knowledge of suture bones
is clinically important because their presence is often used as
a descriptive marker of some congenital disorders, particularly

bony dysplasia [2].

Inca bone is one of the accessory bones in the cranium and
is considered variant of normal [4, 5]. Inca bone is one of the
developmental cranial variations with a striking feature; one
or occasionally more isolated bones in the upper squama of
the occipital bone. Inca bones can be divided by longitudinal

sutures and can be bipartite, tripartite, or multipart [6-8].

The variability in Inca bone frequency has been studied in
major human populations around the world. Inca bone has
a definite anthropological value as an epigenetic trait in
racial differentiation [9]. In contrast, the results of Togersen’s
genealogical research showed that the Inca bone is inherited in
an autosomal dominant way, with 50% invasiveness [10]. The
Deol and Truslove study found that the appearance of Inca bones

in mice is subject to intense genetic control [11].

Morphometric and morphological features of Inca and Wormian
bones are important to neurosurgeons, clinicians investigating
child abuse, anthropologists, anatomists and forensic experts

[12, 13]. Variations of the sutures and sutural bones can be

Main Points:

e Wormian bones were more common in skulls with

metopic sutures.

e An increased incidence of Wormian bone has been found
in suture variations. Half of the Wormian bones were

located in the lambdoid suture.

 Inca bone variation was more common in male skulls.
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easily misdiagnosed with fractures of related bony regions in
unconscious patients with multiple traumas. In case of trauma to
the cranium, Wormian bones may be confused with skull fracture
on X-rays, causing misdiagnosis and incorrect intervention
[7, 14]. Inca bones can be used for personal identification in
forensic medicine by comparing pre-mortem and post-mortem

radiographs [8].

Although Wormian and Inca bones are quite common, they are
poorly reported. In this study, it was aimed to investigate the
Wormian and Inca bones variations in adult skulls living in

Central Anatolia and to contribute them to the literature.

MATERIALS AND METHODS

In the research, 119 adult skulls were examined. Skulls were
obtained from the bone collection at Erciyes University Faculty
of Medicine in the Anatomy Laboratory. Skulls with damaged or
deformed integrity were not included in the research. Detection
of Wormian bones in the cranium and all other findings was
done by a two-person team to avoid individual bias and two
measurements were taken to reduce the error rate, and the
average of these measurements was considered. As a result
of the discussions, the bones were noted according to where
they were found. The averages of the results were taken into
account. Additionally, the lambdoid region was examined for
Inca bones. The sex determination of the skulls with Wormian
bone was performed using the method suggested by Buikstra
and Ubelaker [15]. In addition, the distribution of these bones

by sex was determined.

The detected Inca bones were classified and measured in two
axes (sagittal-transverse). A digital caliper (Mitutoyo 200 mm
Digital Caliper, Mitutoyo Co., Kanagawa, Japan) with 0.01
millimeter (mm) precision was used for measurements. The
width and length of the Wormian bones detected at bregma
and asterion points were also measured. The types of Inca
bones were determined according to the work of Hanihara et
al. [9]. In addition, all skulls were evaluated for metopic suture

development.

Statistical Analysis

The data were tabulated in a Microsoft Excel worksheet and the
analysis of the data was performed using SPSS 22.0 (IBM Corp.,
Armonk, NY) package program. The results of measurements
are given as mean, standard deviation (SD), percentage of

presence, and minimum and maximum values.
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RESULTS
Findings showing the localization of Wormian and Inca bones
are included in Table 1. Morphometric measurements of

Wormian bones in bregma and asterion are given in Table 2.

Data about the dimensions of the Inca bone (n=9) were obtained
by measuring in transverse and sagittal axes found to be 27.46
+ 13.26 and 43.05 £+ 25.72 mm, respectively. The detected Inca
bones were typed in accordance with the literature. The findings

are in Table 3 and Figure 1.

In addition to these, metopic sutures and craniosynostosis
findings in the skulls were also evaluated. Thirteen (10.9%)

metopic suture and one (0.8%) craniosynostosis were detected

Giler H et al.

in 119 skulls (Figure 2). When the craniums with metopic suture
were evaluated, it was found that 8 of them (61.5%) had additional
bone. It was observed that one of these bones (12.5%) was in the
bregma, 1 (12.5%) was in the asterion, four of them were in the
lambdoid suture, and two of them were in the lambdoid region
(Figure 3).

Both Inca bones and other Wormian bones were more common in
males than females (except the Bregma area). It was determined
that the incidence of metopic suture was not related to sex. Inca
bone was most common in the central region, and Wormian
bones in the lambdoid suture were most common on the left.
The distribution and localization of Wormian bones, Inca bones,

and metopic suture by sex are shown in Table 4.

Table 1. Wormian bone and Inca bone distribution ratio in all bones examined

Wormian Bone Presence Location Number (n) %
Lambdoid suture 19 16.0
Lambda (Inca bone) 9 7.6
Present Bregma 2 1.7
Asterion 3 2.5
Total 33 27.7
Not - 86 72.3
All examined bones 119 100.0

Table 2. Morphometric measurements of Wormian bones in bregma and asterion (mm)

Bregma diameters

Asterion diameters

% Transverse (n=2) Sagittal Transvelfe (right) Sagittai(right) Transve:‘se (left) Sagittal (left) (n=3)
£ (n=2) (n=3) (n=3) (n=3)
5
g 11.88 (4.69-19.08)  [27.98+0.13 | 13.19+£0.95 23.20 (9.64-31.49) | 13.42+0.57 22.90 (12.01-27.41)
Values are expressed as mean + SD and the median (first-third quartiles).
Table 3. Distribution of variations of Inca bones
Type of Inca bone Number (n) %
Incomplete lateral asymmetric (Inca bone laterale dextrum) 2 22.22
Complete symmetric bipartite (Inca bone bipartitum) 2 22.22
Incomplete asymmetric bipartite (Inca bone duplex asymmetricum) 2 22.22
Incomplete median (Inca bone centrale (medianum)) 3 33.34
Total 9 100
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Figure 1. A. Incomplete lateral asymmetric, B. Complete symmetric bipartite, C. Incomplete asymmetric bipartite, D. Incomplete

median

Figure 3. Wormian bones and Inca bones accompany the metopic suture skull. A, B, C: Front view of the cranium, D (Inca bone),
E (Asterion), F (Bregma).
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Table 4. Distribution of Wormian bones, Inca Bone and metopic suture by sex
Metopic Lambdoid Inca Bone Bregma Asterion
suture suture
Gender
Female 7 (53.8%) 7 (36.8%) 3 (33.3%) 1 (50%) 0 (0%)
Male 6 (46.2%) 12 (63.2%) 6 (66.7%) 1 (50%) 3 (100%)
Total 13 (100%) 19 (100%) 9 (100%) 2 (100%) 3 (100%)
Location
Centre 3 (15.8%) 4 (44.4%) 2 (100%) 0 (0%)
Right and Left 5(26.3%) 1 (11.1%) 0 (0%) 3 (100%)
Right 4 (21.1%) 1 (11.1%) 0 (0%) 0 (0%)
Left 7 (36.8%) 3(33.3%) 0 (0%) 0 (0%)
Total 19 (100%) 9 (100%) 0 (0%) 0 (0%)
DISCUSSION

In our study, we encountered both Wormian and Inca bones variations more frequently in males. We observed Wormian bone most
frequently in the lambdoid suture, similar to the results of different studies in the literature.

Wormian bones can be used to identify bone diseases such as scleidocranial dysostosis, pycnodysostosis, congenital hypothyroidism,
and Ricket’s or may serve as a marker in the identification of central nervous system anomaly diseases [16-20]. Wormian bone
variation varies in different ethnic groups [18]. The Inca bone is one of the developmental skull variations. The incidence of Inca
bones varies geographically. In a recent worldwide study, it was higher than 10% in Northwest coastal and West African people,
while the Australian samples were outliers by Pacific standards with frequencies of 1% or less [9]. The prevalence studies of
Wormian and Inca bones in different ethnic groups are given in Table 5 [21-26].

Table 5. Prevalence of Wormian bone and “Inca bone” in different populations

Studies Population Wormian bone Inca bone Maximum Incidence of Wormian
prevalence (%) prevalence (%) | bones with respect to sutures in skull

Cirpan et al. 2015 [21] Western Anatolian 59.3% 6.7% 40.7% (*)

Sreekanth et al. 2016 [26] Indian 53.15% (59/111) 8.10% 53.15% (*)

Ghosh et al. 2017 [22] Eastern Indian 45% (54/120) 21.21% 53.33% (*)

Vijay et al. 2017 [24] South Indian 61.5% (123/200) 23.57% 91.05% (*)

Natsis et al. 2019 [23] Greek 74.7% (124/166) - 44.6% (*)

Safak et al. 2020 [25] Turkish 42.86% (12/28) 9.37% 62.5% (*)

Present study Central Anatolian 27.7% (33/119) 7.6% 57.6 (*)

*Lambdoid suture

In the studies in the Table 5, it is seen that the prevalence of Wormian bone varies in different geographical regions. In addition,
we have seen that the incidence of Wormian bones may vary among people living in different parts of Anatolia (Table 5). We can
interpret this situation as regional differences changing the frequency of Wormian bone variation. Despite the differences in the
prevalence of Wormian bones, we saw that the region where these bones were most dense did not change (lambdoid suture). The

second and next most common localization of Wormian bones varies according to studies [21-24].
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Studies in which morphometric measurements were made
for Inca and Wormian bones have been rarely encountered.
One of these studies was conducted by Ogut and Yildirim,
and Wormian bones were detected in 58 of 110 bones [27].
The sagittal diameter of these bones was 18.24+4.14 mm in
females and 14.8449.41 mm in male, the transverse diameter
was 13.24+6.67 mm in females and 16.90£16.33 mm in males.
In our study, morphometric measurements of Wormian bones
localized in bregma and asterion were made. While the
transverse diameter of these bones located in bregma was lower,
the transverse diameter of the Wormian bones located in the
asterion was similar to Ogut and Yildirim’s [27]. Additionally,
sagittal diameter measurements were found to be higher in the

bones in our study.

In our study, it is detected Inca bones in 9 (7.6%) of 119
cranium. Table 5 shows the prevalence of Inca bone at different
rates in different studies. Changes in the number of samples,
genetic structure and geographical factors may have caused the

differences in study results.

Studies looking at the sexual dimorphism of Wormian and Inca
bones have found different results in different populations. In
the study by Donapudi and Vijayanirmala, it was revealed that
the incidence of both Wormian and Inca bone in male skulls was
higher than that of females (male, 3.4%; female, 1.2%) [7]. In the
study of Carolineberry and Berry, one of the epigenetic studies
in the human cranium, it was reported that the Inca bone was
detected at a rate of 4.6% in men and 2.9% in women [28]. These

studies are also consistent with our results.

There are studies of metopic sutures and the incidence of
Wormian bone accompanying this suture. Guerram et al. [29]
4.1%, Aksu et al. [30] 7.5%, Caliskan et al. [31] 8.1% reported
that they detected the rate of metopic suture in their study. In
our study, we found metopic sutures in 13 of all bones (10.9%).
We think that regional differences may cause this result. In
one study, metopic sutures were detected in 29 of 285 Chinese
heads. 26 of the skulls with metopic sutures are also reported
to have Wormian bone [32]. We found that 8 of the 13 skulls
we detected metopic suture had Wormian bones. Both studies
support an increased likelihood of Wormian bone in craniums

with metopic sutures.

Wau et al. [33] found with craniosynostosis in the presence of

an Inca bone in 11 of 245 patients in total. They reported that

Giler H et al.

the difference between the groups may be due to demographic
or genetic differences. In our study, we did not detect cranial
anomalies and Inca bone together. One of the 119 bones in our
study had craniosynostosis. However, no additional bone was
found in this bone.

O’Loughlin [34] showed that the incidence of Wormian bone
increased in skulls with cranial deformation. In our study, no

results compatible with these data were found.

During diagnostic or forensic identification, information on
metopism, and craniosynostosis provides process-facilitating
data. In addition, neurosurgeons should know Wormian bone in

order not to harm during their interventions.

Limitations
The number of skulls used in the study was limited due to the

removal of deformed ones.

CONCLUSIONS

We confirmed that the frequency of change in the skull of
Wormian bones and Inca bones varies greatly. We concluded that
Inca bones and Wormian bones are more common in males than
females. In our study, we found Wormian bones (61.5%) in most
of the 13 (10.9%) skulls with metopic suture. We found that the
incidence of Wormian bone was increased in suture variations.
In particular, clinicians need to be knowledgeable in order not
to misinterpret suture bones as fractures. Therefore, we think
that our study provides additional information to the literature
on Wormian and Inca bones and will guide researchers dealing
with sciences such as neurosurgery, radiology and anatomy in
their practices.
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